3(a)) [3] . The relation between input and output is V IN = V OUT , and the circuit has high input resistance in both DC and AC operation. The sensor circuit has been manufactured by 1.2 μm standard CMOS process. The chip is set in a shield box, and a halogen lamp is used for a source of light. The wavelength is selected by a monochromator, and the light is focused on the chip surface through the optical fiber and the lens of a microscope. The solution contains 20 mM MES (2-Morpholinoethanesulfonic acid)NaOH buffer (pH = 6.4), 100 mM NaClO 4 , 250 mM NaAs and 25 mM DCIP.
Results
The photoresponse of PSI sensed by source-drain follower is presented. The light was turned ON/OFF every 90 second, and the wavelength and the intensity are 680 nm and 2.716 μW/cm 2 , respectively. As shown in Fig. 4 , light illumination induced the change of about 2 mV in the output voltage. While the electrons from PSI are trapped in the electrode, O 2 in the solution pulls electrons out of the electrode. These incoming and outgoing electrons determine the electric potential of the electrode. Figure 5 shows the photoresponse as a function of light intensity. The output voltage change increases with increasing light intensity. It was saturated at 3 μW/cm 2 because the number of electrons injected by PSI per unit time reaches that which DCIP can recharge PSI with an electron. Figure 6 shows action spectrum of the photoresponse per intensity 1 μW/cm 2 . It has the peak at 680 nm where PSI has the absorption peak. The fact indicates that we could detect the photoresponse of PSI [4] . To apply the photodetector as an image sensor, 4×4 sensor array was fabricated on the chip ( Fig. 7(a) ). The light without monochromator was patterned by a metal slit ( Fig. 7(b) ). To reduce the influence of drift, the output voltage of each cell was subtracted by that of the corresponding reference cell. We took the moving average of last eight samples to reduce noise. Figure 7 (c) shows the image, where only the output voltage of the illuminated cells changed. This result indicates that an image of the light illumination pattern can be obtained by using our photodetectors.
Conclusion
The photoresponse of PSI was detected as the change of the output voltage with source-drain follower. In addition, the image has been taken with the sensor array on the chip. The measurement indicated that the bio-photosensor can be used as a imaging device. Since the quantum yield of PSI is 100%, single photon could be detected by PSI combined with a single-electron transistor. illumination , P700 is activated to release an electron. The electron is transferred along molecules in order, and is finally trapped to the electrode by tunneling the SAM. P700 then receives an electron from DCIP, which is reduced by NaAs. The change is about 2 mV.
Fig. 6
Action spectrum of PSI. The difference of V OUT before and after illumination was figured per intensity 1 μW/cm -2 . It has the peak at 680 nm where PSI has the absorption peak. 
